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摘  要 
磁共振成像（Magnetic Resonance Imaging，MRI）技术能够在快速、准确的
获得机体内部图像的同时，几乎不对机体产生任何损伤，具有成像参数多、对比
度高、无电离辐射伤害等优点，因此成为现代医学成像的主要方法之一。目前，
磁共振成像仪已在各大医院和研究机构逐步普及，市场需求量巨大。但是长期以
来，磁共振成像仪的核心技术被国外科技公司垄断，售价昂贵。而在国内，核磁
仪器的研究和生产还处于起步阶段，方案不够成熟，性能相对较低。近年来，随
着技术的进步和市场需求的改变，磁共振成像仪正不断向着小型化、数字化的方
向发展。因此对磁共振成像仪的进一步研究具有重要意义。 
本文以“0.5T 磁共振关节成像仪的研制”课题为研究背景，重点对磁共振
成像仪的发射通道和梯度通道部分进行了深入的研究，并提出了设计方案。论文
首先介绍了磁共振成像的原理和仪器的基本结构，然后根据发射通道和梯度通道
的功能需求和仪器系统小型化、数字化的目标，以软件无线电技术的思路设计了
相应的硬件电路。整个系统以 FPGA 为控制核心，其中，发射通道主要包含高速
DAC 模块、滤波模块、功率调制模块和门控模块，梯度通道主要包含 DAC 模块、
预加重处理模块和差分输出模块。文中对上述两个通道的整体设计方案做了详细
的阐述，包括关键元器件选型、原理图设计、芯片配置等，并对部分模块进行了
软件仿真。再根据所设计的原理图绘制了 PCB 版图，并进行了元器件焊接。最
后分别对发射通道和梯度通道进行单板测试和联机调试。测试结果显示，本文设
计的发射通道和梯度通道硬件电路各个模块工作正常，能够实现其设计的功能，
基本满足 0.5T 磁共振成像系统的需求。此外，文末还对本文的工作进行了总结
和展望，并根据测试结果提出了改进建议。 
 
 
关键词：磁共振成像；发射通道；梯度预加重 
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Abstract 
Magnetic resonance imaging technology can obtain the internal images of the 
body quickly and accurately, meanwhile, it almost does not produce any damage on 
the body, with the advantages of multiple imaging parameters, high contrast, 
non-ionizing radiation damage, etc. So it becomes one of the main methods of modern 
medical imaging. Currently, MRI instrument is universalized in major hospitals and 
research institutions, and have a huge market demand. But, the core technology of the 
MRI instrument is monopolized by foreign technology companies for a long time, 
price is very expensive. In China, the NMR instrument research and production is still 
in its infancy, the program is not mature enough, and the performance is relatively 
low. In recent years, with the advances in technology and changes in market demand, 
MRI instrument is developing constantly in the direction of the miniaturization and 
digitalization. So the further research of MRI instrument has great significance. 
As the research background of “Design of the 0.5T MRI instrument of joints”, 
this paper deeply studied the transmit channel and gradient channel in the instrument, 
and proposed a design scheme. First of all, the paper introduces the principle of 
magnetic resonance imaging and the basic structure of the instrument, then according 
to the functional requirements of the transmit channel and gradient channel and the 
miniaturization, digitization goals of instrument system, design the corresponding 
hardware circuit with the thinking of the Software Define Radio technology. The 
whole system with the FPGA as the core console center, among them, the transmit 
channel mainly includes the high-speed DAC module, filter module, power 
modulation module and gate control module, the gradient channel mainly contains 
DAC module, pre-emphasis processing module and differential output module. The 
paper detailed expounds the overall design scheme of the two channels, including the 
selection of key components, schematic design, chip configuration, and simulated 
some modules by software. And then drew the PCB layout according to the designed 
schematic, and soldered the components. Finally, we tested each PCB of two channels 
and then debug on-line. The test results show that the circuit of transmit channel and 
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gradient channel we designed were working properly, each channel can achieve the 
function of its design, basically meet the requirements of 0.5T magnetic resonance 
imaging system. In addition, we summarized and prospected the work of this paper at 
the end of the paper, and put forward the improvement suggestions according to the 
test results.  
 
 
Keywords: MRI; transmitter; gradient pre-emphasis 
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